Two-Color Data Processing

DIALS 6
May 27, 2015
Tara Michels-Clark



Introduction

 XFEL pulses separated in
energy and time

— Self seed pulses may be used
for experimental phasing

— SASE two color pulses at
different time separations
used to study radiation
damage

Self-seeded 90eV
separated shot

SASE 60eV
separated shot



Introduction

Two Color Lysozyme Diffraction
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Processing the Measured Two Color Data

General Protocol:

 Determine two color shots using FEE (Front End
Enclosure) spectrometer

 Match the time stamps to images
(mod_spectrum_filter)

* run Diffraction filter (hit_finder)
* |Index the two color hits

* Predict spots and integrate



Filtering using FEE

Self Seeded Two Color Filter criteria

— Peak positions
* Used average peak position over each run
* Narrow range for low energy peak +5 pixels
* Wide range for high energy peak +100 pixels

— Peak height relative to regions before, after and
between peaks

— Peak ratios
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Indexing Overview

* Three main parts:

1. Calculate reciprocal lattice vectors from spot
centroid positions

2. Analyze reciprocal lattice vectors for periodicity
* Shortest vectors are binned and analyzed for a unique
basis
3. Best candidate crystal matrix (most consistent

with centroid positions) and reciprocal lattice
vectors are used to calculate hk/ values

h=A'r



Indexing Spots from Two Wavelengths

* FFT algorithm based in real space™ to calculate
candidate basis using two wavelength functional

F,(x(y,0)) = 2 cos(27r;(A,)+| x|y ,0)) + Z cos(27r; (A, ) +| X ja(y ,6))
* C(Calculate fractional hkls from rlps

* Rlp with smallest difference norm from integer hkl is
assigned to the corresponding wavelength

* |f more than one spot at the same wavelength can be
assigned to the same hkl - assign it to the closest

one.

* Gildea, R. J., Waterman, D. G., Parkhurst, J. M., Axford, D., Sutton, G., Stuart, D. I., Sauter, N. K.,
Evans, G. & Winter, G. (2014). Acta Cryst. D70, 2652-2666.
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Indexing Spots from Two Wavelengths

* Overlapped spots in the low resolution region
are assigned to the average wavelength

Spot separation as a function of resolution
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Indexing Results
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Integration

e Select the best candidate orientation matrix
based on RMSD and area under the green curve

— Reject outliers based on Sauter and Poon (2010)
outlier rejection algorithm

— Reindex
— Delta psi outlier rejection
— Select orientation with smallest green curve volume

* Integrate each experiment separately using
same crystal model for each



RMSD Outlier Rejection
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Sauter, N. K. and Poon, B. K. (2010).
J. Appl. Cryst.43, 611-616.



Initial RMSD and Displacement Vectors

80 spots, rm.s.d. 1.27 pixels
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After RMSD Outlier Rejection

63 spots, rm.s.d. 0.71 pixels
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Further Optimizing Crystal Model

 Nave parameters™* based on the crystal model
are calculated

— Effective domain size D ¢
— Mosaicity n

 Based on these calculations the A limits are
calculated

*Nave C (2014). "Matching X-ray beam and detector properties to protein
crystals of different perfection." Journal of synchrotron radiation 21



Ay angle (degrees)
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A Crystal Model Optimization

e Spots outside of A * limit are rejected

— Remaining spots are reindexed using candidate
orientation matrix (matrices)

— The candidate orientation matrix yielding the
smallest green curve volume (AY spread due to
larger effective mosaicity) is retained.

*Sauter NK, Hattne J, Brewster AS, Echols N, Zwart PH, Adams PD (1 Dec 2014):

“Improved crystal orientation and physical properties from single-shot XFEL stills.”
Acta Crystallogr. D Biol. Crystallogr. 70, 3299-309



Ay Plot Prior to Outlier Rejection

10 ML: mosaicity FW=0.53 deg, Dsize=15829A on 80 spots
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A Plot After Outlier Rejection

ML: mosaicity FW=0.11 deg, Dsize= 4957A on 63 spots
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Future Work

* Reprocessing both data set with best filter
parameters

* Analyze statistics of integration results

* Spot deconvolution for overlapped spots in
low resolution region
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Filtering using FEE

SASE Two Color Filter criteria

— Peak positions

* Peaks were restricted to be £10 eV from iron edge
(7112 eV)

— Peak ratios
e Restricted to be 0.10
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